The study protocol is summarized in Supplementary Figure 1A . Firstly, to investigate the arrhythmia determinants and the electrophysiology of our rat model of chronic myocardial infarction (MI), a cohort of 24 male Sprague-Dawley rats (250g) was subjected to surgical myocardial infarction by left anterior descending (LAD) artery ligation (1, 2), while another four rats underwent sham MI surgery where a ligature was placed around the LAD artery but not tightened. At chronic healed MI phase at four weeks post-myocardial infarction, rats were sacrificed, and hearts were
explanted, perfused ex vivo and subjected to optical mapping of transmembrane voltage, as described below. Hearts were also subjected to programmed electrical stimulation (PES) to provoke ventricular arrhythmias. Details of the arrhythmia provocation protocols are presented below.
Following characterisation of the arrhythmic behaviour and electrophysiology of our chronic MI model, another 27 Sprague-Dawley rats were subjected to surgical MI in order to assess the effects of short-term gap junction modulation during acute MI on the healed infarct morphology and late post-MI arrhythmia susceptibility. These animals were randomly allocated to one of 2 groups: (1) treatment with rotigaptide to enhance gap junction coupling (n=13), or (2) phosphate-buffered saline (PBS) as the control group (n=14), and were pre-treated with a bolus of gap junction modulator or vehicle subcutaneously immediately before LAD ligation (2.5nmol/kg rotigaptide or 0.5ml PBS).
Gap junction modulator or vehicle was then delivered for 7 days post-MI using osmotic minipumps (Azlet 2ML1, Charles River, UK), which were placed in the peritoneal cavity at the time of the myocardial infarction surgery (Infusion dose: Rotigaptide 0.11nmol/kg/min, or PBS 2ml/week). Doses were selected based on the existing literature (3) . At four weeks post-MI (3 weeks after discontinuation of rotigaptide administration), rats were sacrificed, and hearts were perfused ex vivo for optical mapping and programmed electrical stimulation (PES). Hearts were then frozen and sectioned for histological staining with Masson's trichrome and for Cx43 immunolabeling. The complexity of infarct border zone (IBZ) scarring was quantified by histomorphometry. All experiments and analyses were performed blinded to treatment group.
Anaesthesia and pre-operative management
Each rat was first placed inside an induction chamber and anaesthetised with a mixture of 5% isoflurane and 95% oxygen. The rat was then weighed and transferred to a Bain coaxial circuit and maintained with the above anaesthetic mixture. At this stage, pre-operative antibiotics (5mg/kg enrofloxacin), analgesia (0-05-0.1mg/kg buprenorphine) and warmed fluids (2ml of 0.9% saline)
were administered subcutaneous (all drugs from Centaur Services, Somerset, UK). The left anterior chest wall was shaved in preparation for surgery. A modified 16G intravenous cannula with blunted stylet (Becton Dickinson, UK) was used as the endotracheal tube and passed into the trachea across the vocal cords under direct vision, with the trachea transillumination. The cannula was then connected to a Harvard Rodent Ventilator (DC1 55-0000 Small Animal Ventilator 683, Harvard Apparatus, MA, USA) and appropriate positioning of the endotracheal tube was confirmed by inspecting for periodic bilateral lung inflation. The rat was ventilated using volume-controlled ventilation at a cycle rate of 100 cycles per minute and a tidal volume of 2.0-2.5ml, giving a minute volume of 200-250ml/min. Maintenance anaesthesia was with a mixture of 2% isoflurane/98% oxygen. Adequacy of anaesthesia was monitored throughout the procedure using a combination of heart rate, respiratory rate and conscious reflexes.
Myocardial infarction surgery
Adult male Sprague-Dawley rats were subjected to left anterior descending (LAD) artery ligation to induce chronic myocardial infarction, as previously described (1, 2) . Rats underwent left thoracotomy and the LAD artery was ligated under direct vision (Supplementary Figure 1B) .
Additional ligatures were placed around the LAD artery until visual confirmation of ischaemia (blanching and cyanosis of myocardium directly below ligature). MI surgery was performed blinded to treatment group.
Ex vivo optical mapping of transmembrane voltage (V m ) of Chronic MI hearts
Chronically infarcted hearts were rapidly excised and perfused in a perspex optical mapping chamber Cardiac optical action potentials were recorded using an optical mapping system, as previously described (7) Optical mapping data were analysed using Optiq software (Cairn Research Ltd, Kent, UK), using analysis principles as previously described (8) . Local activation times were assigned based on the maximum first derivative of the fluorescent signal (dF/dt max) (9) . Activation maps were generated, and local conduction velocities and vectors were derived, using MATLAB R2010a software (MathWorks, Massachusetts, USA), using methods previously described (8, 10, 11) . The optical action potential rise time is defined as time between takeoff (maximum value of d 2 F/dt 2 ) and the peak of the action potential. The action potential duration (APD) dispersion was the calculated as the standard deviation of APD values. The dispersion of conduction vector angle was quantified by determining the mean vector angle and then calculating the standard deviation of conduction vector angles from the mean vector. Optical mapping data pixels from the photo-diode array were matched to the plain image of the heart obtained with the CCD camera. Pixels within the scar area (white on the CCD image) were designated as infarct zone, and pixels within the viable myocardium (grey on the CCD image) were designated remote, non-infarcted myocardium. Pixels at the boundary of scar and myocardium were designated as infarct border zone pixels.
Arrhythmia Provocation Protocols
Hearts were subjected to programmed electrical stimulation (PES) protocols to measure vulnerability of hearts to re-entry arrhythmias. Hearts were paced from the left ventricle with a 20-beat drive train (cycle length 120ms, 500bpm, stimulus 1mA) followed by the addition of up to three extrastimuli.
The vulnerability of hearts to PES-induced arrhythmias was quantified using a previously described Arrhythmia Inducibility Score for PES in rat hearts (12) . Hearts were deemed positive for VT/VF if 6 or more ventricular beats were provoked by PES. If there were 15 or more VT/VF beats, this was classified as sustained. Each heart was assigned an Arrhythmia Inducibility Score from 0 to 6 (6 = sustained VT/VF with one extrastimulus, 5 = non-sustained VT/VF with one extrastimulus, 4 = sustained VT/VF with two extrastimuli, 3 = non-sustained VT/VF with two extrastimuli, 2 = sustained VT/VF with three extrastimuli, 1 = non-sustained VT/VF with three extrastimuli, 0 = no arrhythmia induced). Arrhythmia provocation protocols were performed and analyzed blinded to the treatment group.
Infarct Size Analysis
Cryostat sections (10 µm) of flash frozen hearts were stained with Masson's trichrome (Supplementary Figure 1D) . Digital images were acquired with high-resolution scanning of slides using an HP Scanjet G2710 scanner. To measure infarct size, planimetry analysis was performed offline using Adobe Photoshop CS3 v10.0. Using a previously validated planimetry protocol (13, 14) , the endocardial and epicardial circumferences of the infarct were measured for each section, and the infarct size quantified as the proportion of the endocardial and epicardial circumferences bounded by the transmural infarct. The extent of infarction was measured by this method instead of measuring volumes as the latter may underestimate the original loss of myocardium because of the thinning of the infarct and the compensatory hypertrophy of remote non-infarcted myocardium (15) .
Histomorphometric Analysis of the Infarct Border Zone
Masson's Trichrome-stained sections were used for histomorphometry to assess the heterogeneity of fibrosis at the infarct border zone (Supplementary Figure 1E) . All analyses of images were performed blinded to treatment group. The infarct border zone (IBZ) was localized under light microscopy using a Nikon -Eclipse TE200 microscope. Digital images were acquired using a Nikon digital sight DS-Vi1 camera and NIS-Elements BR 3.2 software using a x20 zoom lens (Supplementary Figure 2Bi) . Images were then analysed offline using ImageJ Software (NIH).
Each image was converted into a RGB (red, green, blue) stack. The greatest contrast between fibrosis and surviving myocardium was observed in the Red colour image of each RGB stack, and this image was analyzed for each section. Thresholding and smoothing were then performed to accurately identify the islands of fibrosis and the lines of interface between fibrosis and surviving myocardium. The threshold was set and recorded for each individual image by the operator. A smoothing factor of 10 provided the minimum filtering required to allow consistent removal of noise. Figure 2Bii) . The total areas covered by fibrotic tissue and the lengths of interface between fibrotic tissue and surviving myocardium were quantified on ImageJ (Supplementary   Figure 2Bii) .
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The degree of heterogeneity of fibrosis was then quantified using an Interface Complexity Ratio (ICR), defined as the ratio of the length of interface between fibrosis and surviving myocardium to the area of fibrosis in that microscopic field (Supplementary Figure 2A) . As shown in the three hypothetical examples, infarct border zones with greater heterogeneity of fibrosis have greater ICRs, i.e. greater interface between fibrotic and myocardial tissue per unit area of fibrosis. The interobserver and intra-observer coefficients of variation for this method were 12% and 10% respectively.
For the histomorphometric analyses, the entire ventricles were serially sectioned, and sections of 10µm thickness were selected for staining with Masson's Trichrome at 500µm intervals until the entire infarct was sampled from apex to base. For each 10µm section, the infarct border zone (IBZ), defined as the region of interface between scar (stained blue) and surviving myocardium (stained pink), was analysed. For each slice, microscopic IBZ images were recorded at intervals across the entire IBZ for offline histomorphometric analysis of scar heterogeneity, with 27 ± 5 IBZ microscopic fields analysed per slice. The Interface Complexity Ratios from multiple microscopic IBZ fields were averaged for each 10µm slice. The ICR values for the multiple sampled slices were averaged to give a single mean value and a single standard deviation value per heart. This method ensured the systematic sampling of the IBZ, which was consistent across all hearts.
Cx43 Immunohistochemistry
Sections were also immunolabeled for Cx43 as previously described (16, 17) . Cryostat sections were incubated with a mouse anti-Cx43 primary antibody (Chemicon MAB 3067) then with a Cy3-conjugated goat anti-mouse secondary antibody (Chemicon) (Supplementary Figure 1F) .
Distribution of Cx43 was quantified using a previously-described Cx43 lateralisation score (17) . Six immunolabeled slices were analysed for each heart. Analysis was performed blinded to treatment group.
Characterizing the effects of Rotigaptide on ventricular myocardium
In addition to the in vivo myocardial infarction protocols described above and in the main manuscript, we also performed a series of experiments to confirm the effects of rotigaptide on gap junction function in rat ventricular myocardium, by conducting immunoblotting and further ex vivo optical mapping studies.
To assess the effects of rotigaptide on Cx43 phosphorylation and expression in the context of acute ischaemia, 8 rat hearts were explanted and perfused ex vivo on a Langendorff apparatus. After stabilization, hearts were perfused with 50nM rotigaptide (n=4) or control perfusate (n=4) for 20 minutes. The left anterior descending artery was then ligated for 30 minutes as previously described (7) . At the end of 30 minutes ischaemia, the ischaemic portions of the hearts were flash-frozen for quantitative immunoblotting of Cx43 as previously described (18) . The primary antibody directed against Cx43 (MAB 3067 Chemicon International) at 1:500 dilution and an alkaline phosphatase conjugated anti-mouse secondary antibody (Pierce) at 1:2500 dilution were used for these experiments.
To determine the effects of rotigaptide on myocardial electrophysiological properties, optical mapping studies were performed in a metabolic stress model in 8 hearts. A global low-flow ischaemia protocol (reduction of coronary flow rate to 33% of baseline with non-oxygenated perfusate) was used as the model of metabolic stress. After stabilization, hearts were treated with rotigaptide (n=3) or control perfusate (n=5) for 20 minutes. Hearts were then subjected to metabolic stress for 30 minutes before perfusion with oxygenated perfusate at normal coronary flow rates.
Transmembrane voltage (Vm) transients were recorded every minute during sinus rhythm and ventricular pacing at a cycle length of 200ms. Optical mapping signals were analysed as described above.
Statistical analysis
Statistical analyses were performed using Prism 5.0 software (GraphPad Software, California, USA).
Analysis of variance (ANOVA) tests were performed to compare mean values between multiple groups and post-hoc Tukey's test was subsequently used if ANOVA was significant. Student's Ttests were used to compare means between two groups. P<0.05 was considered significant. All values shown are mean ± S.E.M, unless otherwise stated.
Supplementary Results

Effects of rotigaptide on Cx43 phosphorylation status
Supplementary Figure 3A shows representative Cx43 immunoblots for ischaemic tissue from a control heart and a heart treated with rotigaptide. The three bands represent Cx43 protein with different degrees of phosphorylation at the carboxy-terminus (19) . P0 is the dephosphorylated Cx43 isoform, phosphorylation at amino acid position S364 and/or S365 is involved in forming the P1 isoform, whilst phosphorylation at S325, S328 and/or S330 is necessary to form a P2 isoform.
Rotigaptide was found to significantly reduce P0 and increase P1 and P2 in ischaemic tissue compared to control (Supplementary Figure 3B & 3C) . The increase in P1 and P2 isoforms may be the mechanism by which rotigaptide attenuates conduction slowing in the metabolic stress below.
Effects of rotigaptide on conduction velocity
During acute metabolic stress, there was slowing of conduction over 30 minutes of metabolic stress, as shown by the crowding of isochrones in the activation maps in Supplementary Figure 3D .
Metabolic stress resulted in a 41.1 ± 5.6 % slowing of conduction. Rotigaptide attenuated this conduction slowing in the context of metabolic stress, with a peak reduction in conduction velocity of 15.6 ± 4.6 % (p<0.05 vs. control), as shown in Supplementary Figure 3E . For both these groups, conduction velocity was restored to that of baseline levels after 10 minutes of perfusion with oxygenated perfusate at normal coronary flow rates. Taken together, the immunoblotting and optical mapping experiments provide evidence supporting previous observations that rotigaptide administration in the whole heart enhances gap junction coupling during acute ischaemia/metabolic stress.
Effect of rotigaptide on IBZ scar heterogeneity
As described in the main manuscript, rotigaptide significantly reduced the heterogeneity of fibrosis at the IBZ. These results were based on the analysis of multiple histological slices across the entire 3-dimensional infarct, as illustrated in Supplementary Figure 4 . Although the mean ICR, which was calculated by averaging ICR values across multiple slices for each heart, was not different between the two groups, the dispersion of ICRs, calculated as the standard deviation of ICR for each heart, was significantly reduced in the rotigaptide group. The increased dispersion of ICR in the control group compared with the rotigaptide group, in the context of comparable mean ICRs, can be attributed to a greater range of IBZ morphologies throughout the entire infarct in the control hearts, with greater maximum ICR values in the control hearts. This means that the regions of maximum scar heterogeneity in the control hearts were more heterogeneous than the regions of maximum scar heterogeneity in the rotigaptide hearts, which had a smaller spread of ICR values closer to the mean.
Additional histological images are presented in Supplementary Figure 5 at two different magnifications (x4 and x20) to illustrate this finding, showing qualitatively that regions of maximum scar heterogeneity in the control hearts were more heterogeneous than the regions of maximum scar heterogeneity in the rotigaptide hearts
